Modafinil, a novel cognitive enhancer, selectively improves neuropsychological task performance in healthy volunteers and adult patients with attention deficit hyperactivity disorder (ADHD). It has been argued that persistent cognitive deficits in patients with schizophrenia are responsible for the failure of many patients to rehabilitate socially even when psychotic symptoms are in remission. The present study examined the potential of modafinil as a cognitive enhancer in schizophrenia. Twenty chronic patients with a diagnosis of schizophrenia were entered into a double-blind, randomized, placebo-controlled crossover study using a 200 mg dose of modafinil. Modafinil had some cognitive enhancing properties in schizophrenia similar to those observed in healthy adults and adult patients with ADHD. Improvement was seen on short-term verbal memory span, with trends towards improved visual memory and spatial planning. This was accompanied by slowed response latency on the spatial planning task. No effect on stop-signal performance was seen. Importantly, significant improvement in attentional set shifting was seen, despite no effect of modafinil on this task being seen in healthy volunteers or ADHD patients. Modafinil may have potential as an important therapy for cognitive impairment in patients with schizophrenia, particularly because of its beneficial effects on attentional set shifting.
INTRODUCTION
It is well established that the symptoms of schizophrenia include a range of cognitive deficits that often persist, despite significant improvements in psychotic symptoms following treatment (Goldberg et al, 1993; Mitchell et al, 2001) . Pharmacological treatment of cognitive impairment has become an important intervention target in schizophrenia (Hyman and Fenton, 2003) . Cognitive impairment is known to be an important determinant of functional outcome in patients with schizophrenia (Green et al, 2000; Harvey et al, 2003) , with the degree of impairment often determining the level of self-care, utilization of hospital services and burden placed on relatives and caregivers by these patients (Addington et al, 2001; Davidson and Keefe, 1995; Sevy and Davidson, 1995) .
Neuropsychological studies of patients with schizophrenia have consistently identified deficits on tests of executive function, known to be sensitive to frontal lobe damage (Goldberg et al, 1987; Goldberg et al, 2003; Kolb and Whishaw, 1983; McKenna et al, 1990; Stuss et al, 1983; Taylor and Abrams, 1987; Weinberger et al, 1986) . Deficits in cognitive flexibility, working memory, and planning have been widely reported, together with more recent evidence of impairments in inhibitory control (Badcock et al, 2002; Elliott et al, 1995; Pantelis and Brewer, 1995; Pantelis et al, 1999) . Moreover, cognitive flexibility, as measured by the Wisconsin Card Sorting Test (WCST), has been related to community outcome in these patients (Green, 1996; Hartman et al, 2003) and to response to psychological intervention (Wykes et al, 2003) . It has been claimed that the newer generation of atypical antipsychotic drugs may have beneficial effects on cognitive function (Cassens et al, 1990; Keefe et al, 1999; Spohn and Strauss, 1989) , although many of the cognitive impairments do not normalize even with these drugs (Goldberg et al, 1993) .
Stimulant treatment has been used previously in the treatment of schizophrenia, most commonly in an attempt to treat patients with prominent negative symptoms (Angrist et al, 1982) . However, most of these studies have reported a re-emergence or worsening of positive symptoms as a result of the dopaminergic activity of these drugs (Sharma et al, 1991; Szeszko et al, 1999) . Nevertheless, circumstantial evidence has accumulated to suggest that stimulant treatment might be of benefit to cognitive and negative symptoms in patients with schizophrenia (Davidson and Keefe, 1995) . Chiarello and Cole (1987) reported some improvement in approximately half of patients with schizophrenia who received psychostimulants, while Goldberg et al (1991) showed that amphetamine yielded a significant improvement in performance on the WCST in a group of patients sustained on haloperidol. Following methylphenidate, Carpenter et al (1992) showed possible improvements in self-reported symptoms and ward staff opinion in three out of eight patients with schizophrenia and a childhood history of hyperactivity (although no changes were noted using various other rating scales). However, in two other studies, methylphenidate significantly increased thought disorder in patients with schizophrenia (Levy et al, 1993) and increased redundant responding on an oral word production test (Szeszko et al, 1999) .
We have shown that modafinil, a wake-promoting agent, has significant cognitive enhancing effects in healthy adults and adult patients with ADHD (Turner et al, 2003a; Turner et al, 2004) . These effects show some similarities to the changes in cognition seen with the catecholaminergic agent methylphenidate in healthy adults (Elliott et al, 1997) and adults with ADHD , despite modafinil's distinct mechanism of action (Ferraro et al, 1997; Lin et al, 1992; Lin et al, 1996; Russo, 2000 but see Wisor et al, 2001) . In both ADHD and healthy adults, modafinil significantly improved spatial planning, visual pattern recognition memory, digit span, and response inhibition. Improved accuracy was accompanied by a slowing in response latency on several tasks relative to placebo (Turner et al, 2003a; Turner et al, 2004) . We concluded that modafinil may exert its effects through reducing cognitive impulsivity (Bechara et al, 2002; Evenden, 1999) .
A well-defined biochemical mechanism of action of modafinil has not yet been elucidated. Nevertheless, recent evidence suggests that modafinil might be acting via a mechanism similar to the newly discovered neuropeptides orexin-A and -B (Chemelli et al, 1999; Scammell et al, 2000) to promote histamine release (Ishizuka et al, 2003) . Unlike amphetamine and methylphenidate, the psychomotor effects of modafinil do not appear to be mediated via a catecholamine mechanism (Ferraro et al, 1997) , which might account for modafinil's reduced side-effect profile and low abuse potential (Deroche-Gamonet et al, 2002) .
Given that traditional (dopaminergic) stimulants appear to have some beneficial effects in schizophrenia (Davidson and Keefe, 1995) but with the unavoidable exacerbation of positive symptoms (Levy et al, 1993) , modafinil, with its reduced dopaminergic activity, might be more appropriate for use in schizophrenia. Two case studies examining the use of modafinil in schizophrenia showed improvement in the negative symptoms of both patients and a decrease in the sedating side effects of their antipsychotic medications (Yu et al, 2002) . One patient showed an increase in activity and a reversal of weight gain with modafinil. Modafinil has also been shown to improve antipsychotic-associated sedation in three patients with schizophrenia (Makela et al, 2003) . We therefore sought to examine whether the beneficial cognitive effects of modafinil, seen in healthy controls and patients with ADHD, extended to patients with schizophrenia using a placebo-controlled crossover design.
MATERIALS AND METHODS

Patients and Procedures
Twenty adult chronic patients (16 male, four female) meeting the criteria for a DSM-IV diagnosis of schizophrenia (American Psychiatric Association, 1994) were recruited from the Cambridge Psychiatric Rehabilitation Service. Patients had a mean age of 4379 years (range 26-59 years), an average NART verbal IQ (as indexed by the National Adult Reading Test, Nelson, 1982) of 11076 (range 100-126) and had been in formal education for an average of 1372 years (range 10-16 years) ( Table 1 ). The study was approved by the Cambridge Local Research Ethics Committee and written informed consent was given by all patients prior to testing.
All patients were in a stable clinical condition, either living independently or in sheltered accommodation with support and on stabilized doses of neuroleptic medication. Eighteen patients were stabilized on clozapine (range 100-600 mg/day), one on olanzapine (10 mg/day) and one patient received a twice-monthly depot injection of pipotiazine (75 mg). In addition, all had a Folstein Mini Mental State Examination (MMSE) (Folstein et al, 1975) score of 26 or greater to exclude marked overall intellectual impairment. The mean Global Assessment Scale score (which ranges from 0 to 100) (Endicott et al, 1976) for the group was 40.777.12 (range 31-62), indicative of patients with 'major impairment in several areas, such as work, family relations, judgment, thinking, or mood'. Patients were also assessed using the Comprehensive Assessment of Symptoms and History Scale (Andreasen et al, 1992) . The scales range from zero for 'no evidence of symptoms' to five for 'severe' presentation. The group mean for global severity of delusions was 1.971.5, global hallucinations was 2.371.6, global thought disorder was 0.971.2 and global catatonia was 0.170.5. The summary score for the assessment of negative symptoms was 2.470.9. The mean duration of illness, from first admission to a psychiatric facility, was 17.379.7 years (range 4-39 years). The exclusion criteria included any significant motor or visual Values shown are the mean and SDs of the mean for each group. Age is given in years, NART is the predicted verbal IQ score, education level is in years in formal education. The P/D group received placebo in session one followed by drug in session two. The D/P group received drug followed by placebo.
impairment, the concurrent use of any medication contraindicated with modafinil, or a NART verbal IQ score of o90.
A randomized double-blind, placebo-controlled, crossover design was used, with 10 participants randomized to receive a single oral dose of a lactose placebo on the first session, followed by 200 mg modafinil in the second session (the P/D group) and 10 participants randomized to receive drug first, followed by placebo (the D/P group). Both groups were matched for age, NART verbal IQ and education level (F(1,18)p0.80, PX0.382) ( Table 1) . For each patient, testing sessions were separated by at least a week.
This study design was chosen to maximize the detection of any cognitive effect of modafinil. Only patients in whom the positive and negative symptoms had been stable for extended periods of time, and who were expected to remain stable for the duration of the study, were included. In addition, as psychosis can affect cognitive performance and it was expected that modafinil would only be used clinically as an adjunctive treatment, all patients remained on their neuroleptic treatment for the duration of the study. A dose of 200 mg was chosen in agreement with previous studies (Caldwell et al, 2000; Turner et al, 2003a; Turner et al, 2004) . Doses higher than the recommended maximum dose of 400 mg/day (Joint Formulary Committee, 2003) should be used with caution in schizophrenia, following a case report of a patient with schizophrenia who became agitated with extreme disorganization of speech, paranoid delusions and auditory hallucinations following 800 mg per day of modafinil (Narendran et al, 2002) .
Peak plasma concentrations of modafinil are obtained 2-3 h after oral administration with an elimination half-life of 10-12 h (Wong et al, 1998) . Patients were, therefore, tested 2 h post drug administration, for approximately 2 h.
Physiological Measures
Blood pressure and pulse measurements were taken using a Criticare Systems Inc. Comfort Cufft (Model 507NJ) at four time points: before drug administration, immediately prior to testing (2 h post drug), 1 h into testing (3 h post drug), and on completion of the study (4 h post drug).
Subjective Measures
Patients were asked to complete visual analogue scales (Bond and Lader, 1974) before the administration of the drug and at intervals during the testing session: immediately prior to testing, 1 h into testing, and on completion of testing. At each of the four time points, patients were asked to rate their feelings in terms of 16 dimensions. The measures used in this study were alert-drowsy, calmexcited, strong-feeble, muzzy-clear headed, well coordinated-clumsy, lethargic-energetic, contented-discontented, troubled-tranquil, mentally slow-quick witted, tenserelaxed, attentive-dreamy, incompetent-proficient, happysad, antagonistic-amicable, interested-bored, and withdrawn-gregarious. The dimensions were presented as 100 mm lines, the two extremes of the emotion (eg 'alert' and 'drowsy') written at each end, and patients marked their current state on each line.
Psychological Measures
Patients were tested on a comprehensive neuropsychological test battery including tests from the Cambridge Neuropsychological Test Automated Battery (CANTAB) (www.camcog.com). The tests used were the same as those used previously (Turner et al, 2003a; Turner et al, 2004) , although the battery was shortened to increase patient compliance. Where available, parallel versions of the tasks were used to limit practice effects. The order in which patients received the tasks differed for the placebo and drug conditions, and was randomized across patients. All computerized tasks were run on an Advantech personal computer (Model PPC-120T-RT), and responses registered either via the touch-sensitive screen or a button box, depending on the task. The majority of the tasks have been described elsewhere and readers are directed to the cited references, which were selected for their detailed descriptions.
Computerized tests. A brief description of the key measures for each of the tasks is presented in Table 2 . The computerized tests were preceded by a 'sensorimotor' task designed to familiarize the patients with the touch-sensitive computer screen and the procedures. As this was a screening task, the response measures are not reported here. CANTAB tests of visual memory administered were the pattern recognition memory (PRM) task and the delayed matching to sample (DMTS) task. The PRM task was amended, as in the previous study (Turner et al, 2004) , so that a delayed recognition task was administered 20 min later for added sensitivity. In this version, patients were given the same two choices of abstract patterns 20 min after the original presentation (in addition to immediately after presentation) and again asked to select the pattern they remembered. Tasks taken from the CANTAB Working Memory and Planning battery were the spatial working memory (SWM) task and the spatial span (SSP) task. The test battery also included two novel variants of original CANTAB tasks to allow for greater sensitivity: a threedimensional version of the attentional set-shifting task (IDED) and the 'One-touch' Tower of London spatial planning task (NTOL). Additional tests included digit span (from the Wechsler Adult Intelligence Scale) and the stopsignal (STOP) task.
Statistical Analysis
To investigate the effect of experimental treatment upon test performance, repeated-measures analysis of variance (AN-OVA) with drug (drug or placebo) as the within-subjects factor and order (P/D or D/P) as the between-subjects factor, with an additional within-subjects factor of level or difficulty if appropriate, was used. Where appropriate, the Wilcoxon's signed-rank test was used for nonparametric data.
Crossover designs have the potential problem that practice may confound the interpretation of drug effects. We attempted to reduce practice effects wherever possible by using parallel versions of the tasks. However, in instances where significant drug Â order interactions or main effects of order were identified, we felt it was of interest to explore the between-subjects effects on the first or second sessions alone, despite the reduced power (only 10 patients in each group). Between-group means (or the median for STOP reaction time) for single scores were analyzed using a one-way ANOVA or the equivalent Kruskal-Wallis test. Where several readings were taken for the same score, a repeated-measures ANOVA was used.
As the motivation for this study was to determine the overall cognitive profile of modafinil in schizophrenia, our interest lay equally in ascertaining the lack of an effect on particular variables, as in identifying the presence of a significant group difference on other variables. The former conclusion of a 'lack of effect' is subject to Type II errors and the latter -the presence of an effect -to Type I errors (Howell, 1997) . Taking this into consideration, we have taken P40.1 in reporting 'no effect' and Po0.05 in reporting 'an effect'.
RESULTS
Physiological Effects
Patients receiving modafinil showed no main effect of drug on systolic blood pressure, diastolic blood pressure or pulse (F(1,18)p1.24, NS). There was, however, a significant drug Â time interaction for systolic blood pressure (F(3,54) ¼ 2.81, P ¼ 0.048), with patients on modafinil showing a more fluctuating physiological response over the testing session compared to when receiving placebo (Figure 1 ). There were no other drug Â time interactions (F(3,54)p1.11, NS).
Subjective Effects
There were no main effects of drug or drug Â time effects on any of the subjective measures (P40.1). Two patients volunteered information with regard to how they felt on completion of both sessions, although this information was not expressly sought. One patient said the feelings he experienced following the second session were reminiscent of the first time he had taken clozapine, and the other patient said he had been unable to sleep the night following the first testing session (both sessions were later determined to have been the drug sessions). No other reports were made. In addition, no changes in symptomatology were noted in any of the patients by the two psychiatrists (EP-C and PM), with whom the patients had regular contact.
Psychological Effects
As shown in Table 3 , performance on several of the tests (namely, DMTS, SWM, and SSP) did not differ between the drug and placebo conditions. In contrast, effects of modafinil were seen on tests of digit span, PRM, IDED, NTOL, and STOP. These effects are considered in more detail below. In addition, there was no main effect of order on any of the variables (P40.1) except NTOL latency (this is also discussed below).
Digit span. Modafinil resulted in a significant improvement in accuracy in both forwards score (F(1,18) ¼ 6.81, P ¼ 0.018) and backwards score (F(1,18) ¼ 9.60, P ¼ 0.006) (scores are calculated as the total number of digit sequences achieved; Wechsler, 1981) . There were no significant drug Â order interactions for either forwards or backwards score (F(1,18)p2.40, NS).
Pattern recognition memory. Modafinil showed a trend towards improving accuracy on the delayed (F(1,18) ¼ 3.06, P ¼ 0.097) but not the immediate version of this task (F(1,18) ¼ 0.06, NS). There was no main effect of modafinil on latency on this task (F(1,18)p2.72, NS). There were no significant drug Â order interactions with respect to accuracy or latency on either the immediate or delayed versions of this task (F(1,18)p2.13, NS).
IDED.
Patients receiving modafinil performed significantly better compared to when receiving placebo. In this task, if subjects fail to reach criterion (six consecutive correct responses) at any of the eight stages, the task is terminated. While healthy adults reliably complete this task, patients with schizophrenia typically show high attrition rates (Elliott et al, 1995; Pantelis et al, 1999) . In this study, 50% of patients failed to complete the task on placebo, but this was significantly ameliorated by modafinil (50% completed the task on placebo, 85% on modafinil; w 2 ¼ 5.58, df ¼ 1, Po0.025) (Figure 2 ). Analysis by stage revealed that significantly more patients failed at the complex extradimensional (ED) shift stage on placebo than on drug (w 2 ¼ 3.96, df ¼ 1, Po0.05). There were no significant differences between the proportion of subjects completing any of the other stages (P40.1). Analysis of the number of errors made at each stage revealed that patients also made significantly fewer errors on modafinil at the ED stage of the task (F(1,18) ¼ 4.93, P ¼ 0.039), and showed a trend towards making fewer errors on drug at the IR stage (Z ¼ 1.92, P ¼ 0.055). There were no other significant differences in error rates at any of the other stages of the task, on total errors or total reversal errors (P40.1). There were no significant effects of modafinil on latency on this task (F(1,18) ¼ 0.06, NS) and there were no significant drug Â order interactions on any task variables (P40.1). Figure 1 Physiological response to modafinil. Physiological effects of modafinil were apparent in terms of a significant drug Â time interaction on systolic blood pressure (P ¼ 0.048). There was no main effect of drug on systolic blood pressure, diastolic blood pressure or pulse (P40.2).
NTOL. Two patients were unable to complete the training stage for this task as they found it too difficult. They were excluded from the analysis. For the remaining 18 patients, a trend towards patients requiring fewer attempts to obtain a correct solution on modafinil was seen (F(1,16) ¼ 3.70, P ¼ 0.072), although there was no significant drug Â move interaction (F(5,80) ¼ 0.91, NS) (Figure 3 ). This trend towards an improvement in accuracy was accompanied by a significant slowing in latency on modafinil (main effect of drug, F(1,16) ¼ 12.06, P ¼ 0.003), together with a trend towards a significant drug Â move interaction (F(5,80) ¼ 2.11, P ¼ 0.073) -patients were slowest on drug at the five-move problem. There was no significant drug Â order interaction for accuracy (F(1,16) ¼ 0.01, NS) or latency (F(1,16) ¼ 0.46, NS). There was, however, a significant main effect of order for latency (F(1,16) ¼ 8.00, Refers to the placebo data from the 20 volunteers in Turner et al (2003a) . The P-value in column four refers to the placebo-drug effect in the schizophrenia group. Abbreviations are as for Table 2 . Bold indicates values with Po0.05 and italics with 0.05pPp0.1. P ¼ 0.012). We therefore performed an analysis on the between-subjects data from the first and second sessions independently to identify the nature of this main effect. This showed that patients receiving modafinil were significantly slower than those receiving placebo (F(1,16) ¼ 17.25, P ¼ 0.001) at the first session, but that there was no difference between the groups at the second session (F(1,16) ¼ 0.65, NS) . This confirmed the effect of modafinil on latency.
STOP. One patient did not complete this test on the first session due to time constraints. The results are, therefore, presented for the remaining 19 patients. There was no main effect of modafinil on STOP errors (F(1,17) ¼ 2.16, NS), median reaction time (F(1,17) ¼ 0.07, NS) or stop-signal reaction time (SSRT) (F(1,17) ¼ 0.46, NS). There was, however, a significant drug Â order interaction on both the median reaction time (F(1,17) ¼ 9.09, P ¼ 0.008) and SSRT (F(1,17) ¼ 11.77, P ¼ 0.003). In the case of the median reaction time, this was due to a significant speeding of latency on the second session compared to the first drug session for the D/P group (F(1,8) ¼ 10.46, P ¼ 0.010), while there was no significant difference in latency across the two sessions for the P/D group (F(1,8) ¼ 3.02, NS). For SSRT, the interaction was due to a significant improvement in SSRT by both groups on the second session (F(1,8)X5 .71, Pp0.041), most likely as a result of practice effects. A between-subjects analysis of the first session on these variables showed no effect of modafinil (F(1,17)p0.43, NS). There was no main effect of order on any variable (P40.1).
DISCUSSION
The results of this study demonstrate that, in patients with schizophrenia, modafinil is associated with a specific pattern of cognitive enhancement. The most striking change was the effect of modafinil on attentional set shifting. Patients on modafinil passed significantly more stages of the IDED task and made significantly fewer errors at the ED stage. This task was unaffected by modafinil in both of the previous studies (Turner et al, 2003a; Turner et al, 2004) , despite the ADHD group also showing IDED impairments compared with the healthy volunteer group, indicating a selective response by schizophrenic patients to modafinil on this task.
In addition, modafinil significantly improved performance on tests of digit span and showed trends towards improving visual memory (delayed PRM) and spatial planning (NTOL). These effects were accompanied by a slowing in latency with modafinil on the NTOL task. This slowing did not appear to be a simple psychomotor effect of drug, as standard reaction time (measured by the median 'go' reaction time on the STOP task) was unaffected by modafinil. Modafinil did not affect DMTS or STOP performance. Subjectively, patients did not record any significant effect of modafinil according to the visual analogue scales. However, it is possible that this was due to a lack of insight by the patients into their changing mood as two patients volunteered information, suggesting that they experienced some subjective changes to modafinil. In previous studies (Turner et al, 2003a, b; Turner et al, 2004) , Figure 2 Effect of modafinil on attentional set shifting. Patients receiving modafinil performed significantly better at this task than when receiving placebo. Significantly more patients passed the ED stage of the task on modafinil (w 2 ¼ 3.96, df ¼ 1, Po0.05). The stages of the task are SD (simple discrimination), SR (simple reversal), CD (compound discrimination), CR (compound reversal), ID (intra-dimensional shift), IR (intradimensional reversal), ED (extra-dimensional shift), ER (extra-dimensional reversal). *Po0.05. Figure 3 Effect of modafinil on the 'One-touch' Tower of London spatial planning task. Patients on drug showed a trend towards making fewer attempts to achieve the correct answer compared to those on placebo (P ¼ 0.072). Patients on modafinil also took significantly longer to select their answer (P ¼ 0.003). *Po0.05. a decrease in blood pressure has been seen throughout testing sessions. In contrast, patients in this study did not show the expected reduction in blood pressure and also showed a reduced physiological response to modafinil in comparison with our previous studies (Turner et al, 2003a; Turner et al, 2004) , although subtle effects on systolic blood pressure were seen.
Modafinil appears to have some consistent effects on cognition across different groups. Similar to the effects seen in schizophrenia, verbal memory span, visual memory, and spatial planning are improved in healthy volunteers and patients with ADHD (Turner et al, 2003a; Turner et al, 2004) . In the same way, modafinil has consistent effects on latency, with significant slowing seen on tests such as spatial planning, but no change on simple psychomotor responding. However, in contrast to these common effects, modafinil also has some specific effects in schizophrenia. No effect was noted on STOP performance in schizophrenia, despite modafinil significantly improving the inhibition of prepotent responding in healthy adults and those with ADHD (Turner et al, 2003a; Turner et al, 2004) . In the present study, modafinil also significantly improved performance on the IDED task, an effect not seen in the previous groups. These findings contrast with the effects seen with methylphenidate in healthy volunteers on tests taken from the same battery. Methylphenidate has been shown to affect measures of working memory and sustained attention (Elliott et al, 1997) that are not affected by modafinil. Methylphenidate has, however, also been shown to enhance ED shift learning in the IDED task, together with a slowing in response latency (Rogers et al, 1999) . This effect is similar to that seen with modafinil in schizophrenia, suggesting that modafinil and methylphenidate have some common neurochemical bases (see Turner et al, 2004) .
The effect of modafinil in schizophrenia on attentional set shifting was particularly evident at the ED stage of the task, a stage akin to the core component of the WCST (Pantelis et al, 1999) , and one that has been shown previously to be impaired in schizophrenia (Elliott et al, 1995) . Young, community-based patients with schizophrenia showed high levels of perseveration at the ED stage, with only half of the patients successfully completing the task in that study (Elliott et al, 1995) . One explanation provided for this performance deficit is that patients with schizophrenia make perseverative errors due to a failure to inhibit responses to the previously relevant dimension (Pantelis and Brewer, 1995) , although exaggerated learned irrelevance can also potentially produce the ED shift deficit (Owen et al, 1993) . Given that modafinil might be acting through mechanisms associated with impulsive control to ameliorate this deficit, it would be of interest in the future to attempt to dissociate the effects of modafinil on perseveration and learned irrelevance.
Performance on the IDED task may be a useful index of cognitive deterioration in schizophrenia. In first-episode patients, impairments seen on the IDED task are relatively mild, despite pronounced deficits in planning and SWM (Hutton et al, 1998) . Improvements in task performance on some cognitive tests have been observed during the first year following medication, although performance on the IDED task continues to deteriorate further (Joyce et al, 1999) to the low level of performance seen in chronic, hospitalized cases (Pantelis et al, 1999) . It is unknown at present if this deterioration in IDED performance is a consequence of disease progression or neuroleptic medication. However, the patients exhibiting the greatest decline were those with the longest duration of untreated psychosis (Joyce et al, 2002) , suggesting a disease-related rather than medication-related cause. Nevertheless, our finding that IDED impairment in chronic schizophrenia is ameliorated by modafinil shows that the set-shifting impairments in schizophrenia are susceptible to pharmacological intervention.
Evidence of modafinil's effect on impulsive control is supported by the observation that patients reflected longer on the NTOL test of planning when receiving modafinil, together with a trend towards an improvement in performance. This alteration in the speed-accuracy trade-off has been demonstrated in the two previous studies (Turner et al, 2003a; Turner et al, 2004) and accords with theories of reflection in which performance is impaired due to a deficit in utilizing available information before making a decision (Evenden, 1999) . Patients with schizophrenia tend to plan their actions less in advance and have less sophisticated planning strategies (Jogems-Kosterman et al, 2001) . It has been claimed that the tendency to accept beliefs on the basis of inadequate information processing may contribute to delusions in patients with schizophrenia (Garety et al, 2001) .
Interestingly, however, no effect of modafinil was noted on SSRT, a measure of motor impulsivity. This measure was improved by modafinil in both healthy controls (Turner et al, 2003a) and patients with ADHD (Turner et al, 2004) . Patients with schizophrenia showed significantly slower response execution times (go reaction time) performing a STOP task, but their estimated speed of inhibition (SSRT) is not significantly different from that of healthy controls (Badcock et al, 2002) . This is in contrast with ADHD and conduct disorder, where poor response inhibition is consistently related to slower stop-signal reaction times and not to impaired reaction times (Oosterlaan et al, 1998) . Differences in neural response in patients with schizophrenia when performing a STOP task have been observed (Rubia et al, 2001) , and these might account for the lack of effect of modafinil on this task. Further research into the mechanism of action of modafinil is necessary to explain how modafinil is exerting its effects in schizophrenia.
In addition, further work is needed to confirm modafinil's effect on a wider range of patients with schizophrenia. A specific deficit in the attentional set-shifting task at the ED shift has been demonstrated in young, stabilized patients (Elliott et al, 1995) . However, more generalized cognitive deficits on this task have been noted in more severely ill patients with schizophrenia (Pantelis et al, 1999) . These patients failed to 'learn set' and were impaired at both setshifting and concept formation. This appears to be related to symptomatology, with patients who dropped out at the ED stage having higher negative symptom scores compared to those failing at the ID stage who had lower scores for bradyphrenia (slowness of thought) (Pantelis et al, 1999) . These differences could reflect a larger number of compromised neural systems in the more severely ill patients, and thus it is important that future studies establish whether the beneficial effects of modafinil are still maintained in more severely affected patients. The effect on patients treated with a wider range of typical and atypical antipsychotics should also be examined. Treatment with clozapine is typically reserved for patients who have been unresponsive to or intolerant of conventional antipsychotics (Joint Formulary Committee, 2003) , and in itself has been associated with ameliorated cognitive dysfunction (McGurk, 1999 but see Goldberg et al, 1993) . In addition, it is important that these results are confirmed with long-term chronic administration studies. Although there is evidence that cognitive impairments are invariable over time (Heaton et al, 2001; Wykes et al, 2000) , it is not clear that cognitive improvements would show a similar pattern of invariability.
It has been suggested that even small improvements in cognition may be clinically relevant to schizophrenia. Buchanan et al (1994) found that changes in memory over 1 year were correlated with changes in quality of life, while Wykes et al (1999) reported that a change in cognitive flexibility related to improvement in social functioning. Similarly, improvements in card sorting have been associated with improved social competence and improvements in verbal memory with increased acquisition of psychosocial skills (Spaulding et al, 1999) . Davidson and Keefe (1995) proposed that in younger patients, improvements in executive functions and planning equivalent to even a change of one more category on the WCST could enable the patient to organize himself enough to live independently outside a psychiatric institution. Therefore it is hopeful that, if cognitive deficits are the determinants of functional limitations, effective treatment of cognitive deficits will lead to functional improvements. If these improvements with modafinil, as demonstrated in the present data, are confirmed with long-term administration studies, these findings will have clear relevance for clinical practice.
